Transfer of learning can be demonstrated by assessment tasks mirroring real life situations. This can be attempted in real organisations, or by simulating the real, life experience in a structured case study. In this paper we discuss experiences with work situated learning and difficulties that commonly arise. The alternative of encapsulating real life experience in hypermedia based materials is then presented using a number of case studies. Finally a model is presented for producing these "real life" encapsulations which overcomes the problems of lack of structure in individual experience without losing the advantages of common lifelike experiences. Some testing of the model is presented. The model involves the steps of:
Introduction
concluded that there are four ways that knowledge is transferred: involvement (participation in learned organization such as trade societies), association (formal or informal interactions with Material published as part of this journal, either on-line or in print, is copyrighted by Informing Science. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission from the publisher at Publisher@InformingScience.org others), experience (knowledge acquired through implicit learning), and direct education (formal learning pursuits). A study by Simmonds Dawley, Ritchie, and Anthony (2001) concluded that: "In general, results suggest that the primary source of management concepts for practicing managers is experience, followed by association and involvement. The least identified knowledge source for practicing managers was direct education."
If we are to make this last and least effective learning environment more effective we must make the learning environment more closely reflect real experience. One aspect of learning through experience is that all learning "on the job" is, by definition, useful.
Usefulness implies ways of resolving a problem through clarification, alternation, or actual solution and is based on an attitudinal perception of the effectiveness of applying specific information to resolve a problem or to make a decision. Other views of usefulness of education in clued those of Mangaliso and Choo. " Information is useful if it is appropriate for the situation in which it is used" (Mangaliso, 1995) . Choo (1998) contends that "selection of information depends on the degree of relevance the user attributes to the information."
Using these views of education the designer of learning experiences is convinced to have at least some aspect of their delivery through a simulation as close to real as possible. There is a long history of using computers to provide simulations of learning situations where the real experience is not available or too expensive or dangerous. These are often linear experiences for students. Maddux has pointed to the essential weakness of linear experiences encapsulated in a computer delivered experience. "But typically, behavioural models of computer programmed instruction have several weaknesses: first, isolating factual information; second, learning in isolation; third, a linear structure that can not match some learning activities; and fourth, lack of flexibility and userfriendliness" (Maddux, Johnson, & Willis, 1997, p.76-77) .
Systems Analysis as a Topic
Teaching of systems analysis often is reduced to identifying specific skills and then designing tasks based on text descriptions of a case to be analysed. These text based case studies can degenerate into a written comprehension test. Students can achieve the intended result by "finding the answers" in the text. Systems analysis in a real life situation involves obtaining information about the site in a number of ways. These include the project brief, interviews, document analysis and observation of the current system. These applied tasks can be described as the capabilities of a graduate of a systems analysis course. If we are to teach real life capabilities then we must prepare assessment tasks that incorporate these real life characteristics. In real cases the information required to properly specify the problem will come from a mixture of these sources. Clearly a simulation of the process of systems analysis is fertile ground for use of multimedia delivery of the case study. A basic assumption of the techniques reported here is that "Knowledge is defined as a dynamic concept: Knowledge is only knowledge when it can be applied" (Weert, 2003) . Here we address the possibilities of encapsulating real life experiences in a web based hypermedia experience for students and argue that the benefits of a controlled environment outweigh the lack of reality still inherent in the hypermedia.
Systems Analysis as an Exemplar Educational Area
At RMIT University in Australia the teaching group charged with delivering education in systems analysis hit this need for relevance and experience as a major hurdle. Systems analysis involves searching through the miasma of complexity of a normal human organization to discover problem definitions that are amenable to analysis. Often the skills involved are required to be learnt by undergraduate students with superficial understandings of organizations typical of the consumer rather than even a junior employee of an organization. Skills such as recognising raw data to be relevant, obtaining data from a wide variety of sources including interviews and document analysis can be taught in isolation, but the transfer of these skills in a real situation seemed very poor. Transfer of knowledge to real situations was studied. Crucial factors that were not components of the learning experience were identified. These included:
• In real life different members of an organization see a given problem in different ways.
The analyst is often presented with conflicting views of what the job is that they have been asked to analyse • Information in real organizations is "hidden" in a multitude of places and formats; in employee memory, in documents, in procedure manuals, in policy statements, in daily practice.
• The information needed for analysis is "hidden" amongst large amounts of data that is of no relevance to the problem to be analysed. None of the data is tagged "relevant" or "not relevant"
• Real problems have a time and resource limit that has no bearing on the size or complexity of the problem. Problems are not tailored for a certain amount of time that is reasonable in terms of a thorough solution. This forces a problem solver to compromise quality of the solution to the resources available
Hypermedia and the Web
Gayeski defines hypermedia as a classification of software programs which consist of networks of related text, graphics, audiofiles, and video clips through users navigated by browser (Gayeski, 1993) . Such a definition of hypermedia seems to include all the facilities that allow a learning environment to reflect the complexity of real life. This advantage is in addition to those claimed by the literature for all hypermedia based learning. For example (Liaw, 2001 ) makes three claims for the advantages of hypermedia: "In the building of hypermedia instruction, four advantages of this learning environment emerge: multiple perspectives, collaborative learning, learner-orientation, and interdisciplinary learning." The use of collaborative learning environments provides a means to create more engaging and dynamic instructional settings (Slavin, 1992) . Collaboration can help individuals to make progress through their zone of proximal development by the activities in which they engage (Vygotsky, 1978) Authors have also recognised the potential for hypermedia based systems to show the dynamism that characterises real life situations. Typically, in formal schooling, much content quickly becomes "inert" while processed and integrated (Gagne, 1993) , as it has little relevance to the life circumstance of the learners.
Complexity and Hypermedia
An underlying assumption of our work here should be stated explicitly. The teachers of systems analysis are in common accord as to one of the underlying requirements of professionals. The very need to perform systems analysis assumes that real systems have very detailed complexity. This complexity defeats many of the reductionist attitudes to classroom experience design. In a classroom of the past a teacher would attempt to look into a situation with a view to determining the simple principles to be attained by students. Experiences would then be designed that present those principles in as stark a situation as possible. Teaching of systems analysis is the antithesis of this process as students must be trained to find the principles from amongst the vast array of complex detail, most of which will be discarded deliberately in the systems analysis process. Liaw has expressed this essential skill of the real life partitioner. (Liaw, 2001 ) "Today, the problem is not so much in finding information but sifting through the huge amount that is readily available and locating the particular pieces that are of most interest at the moment"
Why Produce Case Study Simulations?
The systems analysis team started in 1989 producing traditional case study material on paper in text. These "case studies" were descriptions of organizations where the text description contains ALL the information a student needs to produce the analysis and in approximately the right order. The team was dissatisfied with the process of learning that students demonstrated. A study of the literature found many principles that might be included in a new approach. For example Lee had concluded that "The modern computer technology has made possible a new and rich learning environment, the simulation. In an instructional simulation, students learn by actually performing activities to be learned in a context that is similar to the real world" (Lee, 1999) . A study of the simulations available indicated that it could be valuable to include simulation ideas in presentation of material. These factors were recognised in 1992 and a slow process of developing computer based case studies was started. Until the emergence of the web these were largely text based and delivered on the student network. Only recently have multimedia components been added and delivery made so that students can access the case studies from any web connection.
The Design Problem
The creation of case studies for students of systems analysis has been an arduous task for many academics. A common strategy of those that produce their own case studies is to write about a fictitious business from personal experience of a real business. This often leads to the case study being structured around memories of the operations of a business rather than providing a rich environment in which the student can find use for skills they are developing.
Our early case studies were small. This meant that several students would be given identical tasks to complete. Apart from a natural tendency of students to solve the problem by waiting for a good student to "find the answers" and then using that knowledge for their own solution, a small single case does not promote communication. We would like students to be saying "I have this problem with my area, did you have a similar problem and, if so, how did you approach the solution?" A small case also has the problem that there is not much room for co-operative group work which is typical of real systems analysis projects.
Our "from memory" case studies were often realistic enough but segmenting the larger ones to allow for group work lead to some members of a group being given very trivial tasks with not much challenge in them. Our memories returned case studies with a single problem in them in one area: the area we solved when doing the real problem the first time.
Our early case studies had the designer clearly anxious to put information in that could be quickly put into one of the design diagrams we were teaching. Attempts to add sample data and other detail were difficult to achieve and normally were included not as sample data would normally occur, but to make sure students were guided to produce a particular "answer."
Team Work, Case Study Size and Complexity
A particular constraint of case studies in systems analysis is the issue of teamwork. Systems analysts almost always work in teams due to the size and complexity of real life problems. It is our belief that teamwork can be taught, but can only be learned by working in a team and experiencing the problems of teams that are mentioned in the teaching.
It is unrealistic and unfair to expect students to learn new behaviours, form new relationships, and learn about new topics and methods in a short period of time, with the pressure of assessment and without guidance on social aspects of technology use, particularly when the technologies and the networks on which we rely for collaboration do not always function optimally.
In many projects purported to make students into "team players" students pay lip service to the concept of teamwork and hastily binding a number of independently developed components into an incoherent whole. Alternatively the project team consists of one competent student who does most of the work with a number of passengers who do next to nothing.
Using the methodology described each student has a clearly defined component of the system to develop and because of the overlap incorporated in the database design students must collaborate to determine appropriate datatypes, naming conventions and means of linking tables. Processes for insisting that individual members report on the functioning of the group as well as submission of meeting minutes also aids in giving students a better appreciation of the meaning of team work.
The Design Strategy
Our solution which has evolved over a number of years involves the following activities:
1.
Clearly identifying the concepts and skill development to be addressed in the case study.
In this case:
Basic entity modelling including identification of entities, attributes and relationships. Relationships to be one to one, one to many and many to many. Mandatory and optional relationships.
Entity modelling involving strong and weak entities.
Entity modelling involving supertypes and subtypes.
Entity modelling involving recursive relationships.
In our case these concepts came straight from the course guide for the analysis and design course that was being delivered to second year students in the BBus(BIS).
2.
Come up with a basic plan for the business context of the case study:
This activity is particularly creative and draws heavily of the business knowledge of the creators. In the five interactions of this process we have created case studies in the following areas: Real Estate, Farming, Party Hire, Manufacturing (baskets), Automotive Sales and Maintenance. In the initial stages it is important to identify a business context that has a number (we use 5) of distinct functional areas (eg HR, Sales, Marketing, Maintenance, Manufacturing) that are able to be modelled in a similar way. This means that a context particularly rich in the required concepts must be identified.
We look to develop a description of a business that has:
• Five functional areas (often departments)
• The data model for the database to support the functional area (department) must contain the features we have identified (see 1, previous)
3.
Create an ER model for each functional area. Each ER diagram should contain approximately the same number of entities and include the features we have identified(eg subtypes, subtypes, recursive relationships, strong and weak entities). For each of these solutions determine what information the student would need to enable them to draw the conclusion that the use of the predetermined structures/concepts are justified. The solution produced can also be used as the basis for the correction of student work. The ERs will often contain common entities which aids in the final amalgamation undertaken by student teams.
This duplication of solutions to essentially similar problems reduces the number of students working on the same problem thus reducing the ability to copy other student's solutions. The likelihood of this occurring is increased by student propensity to form teams with their friends.
In this case:
We created an ER model containing approximately 40 entities (5x8) covering five functional areas. Students could then be given one of 5 sets of data. This part of the solution was published after the students had spent 6 weeks developing their own solution. This level of synchronisation enabled the students to proceed with the implementation of their solution based upon a workable data model.
4.
Work backwards from the solution to create the problem. This usually involved some kind of requirements specification. That is the problem for the organisation was a lack of information of some kind and the solution to the problem would involve the collection and processing of data and the presentation of useful information.
In this case:
We needed to give broad hints as to the existence of entities, attributes and relationships particularly in regard to recursive relationships and super and sub types. At the same time a clear indication of the problems the organisation wished us to solve.
5.
Problem definition to incorporate as much realism as possible through the use of multimedia components.
In this case:
We used video tapes and still images for definitions and processes, audio tapes for business rules and problem and symptom definition and forms for attribute identifications which we considered to be the most likely format that the tagged information would be found in real life. We also generated sets of data which could also be analysed by students. This data was generated using unskilled labour. An example of a multimedia component would be a video showing a mechanic working on a machine. In the video the actor could specifically mention the names of a number of entities and attributes and also give an indication of the relationship between the entities. The actor could also make reference to particular problems that the organisation is having. For example knowing which parts can be fitted to which machines and the recording of the cost/price of the parts.
6.
Create an interface which necessitates the use of investigative techniques to gain access to above components.
In this case:
We use a simple web based interface. This is the next step for improvement. This interface would include a project brief so that an appropriate level of guidance is given for navigating the information sources.
7.
Allocate duplicate problems in a manner to minimise copying.
In this case:
Final assignment consisted of a group assignment where each member would contribute their component to the construction of the whole. This required that each group member be working on a separate component thus essentially requiring each member of the group to be working on a dif-ferent component than their closest friends normally the most common target for copying. Groups tend to be friendship based. The inclusion of common entities in the five functional areas necessitated an interaction between the different team members. Students were required to submit minutes of meetings held and tasks allocated. Given that the completed data model contained up to 40 entities (depending on the number of members of the group) students were able to appreciate a relatively large, complex system, the role they played in its creation and the importance of teamwork.
8.
Investigate Web based delivery if appropriate.
In this case:
All components were placed on the Web.
The Research
Over a two year period approximately 300 students were exposed to a hypermedia based business case study delivered through the web. The case study underwent three iterations during this period, each time increasing the complexity of the business environment simulation. In the first case, "DD real estate" was a business using photographs of properties, scanned images of documents, excel and word documents and a web interface with almost no intelligence. The final case study includes video and sound files and has been fully designed using the structured approach outlined above.
Structured interviews of students, the teaching team and analysis of student results was used to gather data. This data sought to determine the extent to which the format of the business environment supported the establishment of systems analysis skills. Staff input was also used to test the effectiveness of the design strategy in producing the case study material.
Outcomes of the Research
Case study production has now been carried out over several courses in systems analysis for over 10 years. In this time we have measured the amount of learning in several ways, chiefly including teaching staff reflections and assessment material analysis. We have also measured the amount of output and time taken to produce that output in terms of total size of the case study.
In that time we have found a number of clear outcomes • Students respond to their assessment tasks in a different way from the past. Students show an involvement with the cases of much greater depth. This shows clearly in questions asked of the tutorial staff and the types of activity undertaken during construction of their systems.
• Students produce solutions with a far greater depth of detail, more closely reflecting common business practice.
• There are some indications of better learning. This can be seen in the level of difficulty in examination questions. This measure of success is difficult to quantify as pass rates for examination are kept fairly constant.
• Since the start of this research in 1989, several new staff members have been involved in subjects in which the techniques here have been used. Without exception the new staff report a greater satisfaction with the case studies produced and with their ability to contribute to the case study production.
Conclusion
Sample problems can be placed on a web site for students to test and develop their learning. In the case of learning systems analysis this is particularly apt as the web is an ideal environment in which to encapsulate the complexity and fragmentation of information normally found in a business environment. Here we describe a technique for ensuring that a web site with this aim encapsulates all the aspects needed to ensure that a student is able to learn those skills intended to be included by the teacher.
• Clearly identifying the concepts to be addressed in the case study.
• Create a solution incorporating examples of the concepts.
• Duplicate a number of possible solutions to essentially similar problems so that you can reduce the number of students working on the same problem thus reducing the ability to copy other student's solutions.
• Work backwards from the solution to create the problem.
• Problem definition to incorporate as much realism as possible through the use of multimedia components.
• Create an interface which necessitates the use of investigative techniques to gain access to above components.
• Allocate duplicate problems in a manner to minimise copying.
• Investigate Web based delivery if appropriate.
